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ABSTRACT 

An a t t empt  i s  made t o  re la te  some of t h e  r easons  why an 
e x t r a v e h i c u l a r  crewman on t h e  l u n a r  s u r f a c e  may want t o  d e t e r -  
mine h i s  p o s i t i o n  t o  t h e  requirements  f o r  mechanical a i d s  t o  
pe rmi t  him t o  do so. 
i n  t h e  c o n t e x t  of t h e  t e r r a i n  v i s i t e d  and t h e  accuracy r e q u i r e d .  
P o s s i b l e  methods for m e e t i n g  t h e  requi rements  a r e  d i scussed .  

determine h i s  pos i t io [ l ;  are t o  t r a v e r s e  t o  ano the r  s p e c i f i e d  
p o i n t  or t o  document t h e  p o s i t i o n  of samples ,  exper iments ,  o r  
photographs.  While t h e  former imposes a r e a l  t i m e  n a v i g a t i o n  
requirement  t h e  l a t t e r  can b e  s e rved  by post-mission a n a l y s i s .  
The nav iga t ion  system m u s t  t hus  have t h e  c a p a b i l i t y  t o  guide  
the a s t r o n a u t  t o  w i t h i n  v i s u a l  c o n t a c t  of t h e  o b j e c t i v e - t h e  LM 
or  s c i e n t i f i c  sampling po in t .  
t h e  p r o s p e c t i v e  J mission sites t h i s  requirement  may be w i t h i n  
t h e  c a p a b i l i t y  of t h e  crewman wi th  minimal o r  no n a v i g a t i o n  aids 
o t h e r  t han  a map. 

The c a p a b i l i t i e s  sugges ted  are cons ide red  

Sonie reasons  why an e x t r a v e h i c u l a r  crewman may wish 'io 

Given t h e  prominent landmarks a t  
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MEMORANDUM FOR FILE 

OBJECTIVES 

DATE: October 2 2 ,  1 9 6 9  

FROM: P.  Benjamin 

An e x t r a v e h i c u l a r  crewman (EVC) nay wish t o  de te rmine  h i s  
p o s i t i o n  r e l a t i v e  t o  some frame of r e f e r e n c e  f o r  any of f o u r  r easons :  

1. t o  r e t u r n  t o  t h e  LM a long  t h e  s h o r t e s t .  s a f e  r o u t e  
a t  any t i m e .  

2 .  t o  t r a v e r s e  t o  t h e  nex t  sampling s i te .  

3 .  

4. 

t o  document t h e  p o s i t i o n  of  a sample o r  experiment .  

t o  document t h e  o r i g i n  of  photographs.  

These f o u r  f u n c t i o n s ,  o r  o b j e c t i v e s ,  form t h e  b a s i s  f o r  t h e  d e f i n i -  
t i o n  of nav iga t ion  requirements  f o r  l u n a r  s u r f a c e  t r a v e r s e s .  The 
f i r s t  o b j e c t i v e  i s  a c r e w  s a f e t y  f u n c t i o n .  I t  r e q u i r e s  t h a t  t h e  
EVC have the c a p a b i l i t y  of abor t ing  t h e  mission and r e t u r n i n g  t o  
t h e  LM i n  minimum t i m e ,  c o n s i s t e n t  wi th  t e r r a i n  l i m i t a t i o n s ,  a t  any 
p o i n t  i n  t h e  t r a v e r s e .  The  o t h e r  t h r e e  o b j e c t i v e s  a r e  mission s u c -  
cess f u n c t i o n s .  The second o b j e c t i v e  r e q u i r e s  t h e  c a p a b i l i t y  t o  
p rogres s  from s i t e  t o  s i t e  through t h e  t r a v e r s e .  These f i r s t  two 
f u n c t i o n s  r e q u i r e  t h e  EVC t o  be a b l e  t o  determine h i s  p o s i t i o n  re l -  
a t i v e  t o  t h a t  of some o t h e r  o b j e c t .  I n  o r d e r  t o  de te rmine  p a t h  
informat ion  they  a l s o  r e q u i r e  l o c a t i o n  of  bo th  p o i n t s  r e l a t i v e  t o  a 
c o o r d i n a t e  system - a map. The l a s t  two o b j e c t i v e s  r e q u i r e  EVC 
p o s i t i o n  informat ion  r e l a t i v e  t o  a c o o r d i n a t e  system. Combining 
the o b j e c t i v e s ,  t h e  purpose of nav iga t ion  i s  t o  provide  t h e  EVC 
wi th  t h e  c a p a b i l i t y  t o  determine t h e  p o s i t i o n  of sone o b j e c t  rela- 
t i v e  t o  h i s  c u r r e n t  p o s i t i o n  o r  t o . d e t e r m i n e  t h e  p o s i t i o n  of  t h e  
o b j e c t  and h i s  c u r r e n t  p o s i t i o n  r e l a t i v e  t o  a s e t  of c o o r d i n a t e s  i n  
r e a l  t i m e .  

I t  i s  impor t an t  t o  d i s t i n g u i s h  between nav iga t ion  and 
t r a c k i n g .  Navigat ion refers t o  t h e  c a p a b i l i t y  f o r  t h e  EVC t o  
determine h i s  ; Jos i t i on  i n  r e a l  time. 
c a p a b i l i t y  f o r  some o t h e r  p a r t y  t o  determine where t h e  EVC i s  o r  
has  been. 
t i o n  o r  t r a c k i n g  a lone  might f u l f i l l  t h e  f u n c t i o n s  of  bo th .  

“Iacking a p p l i e s  t o  t h e  

Given an adequate  communications system e i t h e r  n.aviga- 
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ACCURACY 

The accuracy r equ i r ed  t o  m e e t  each of  t h e  o b j e c t i v e s  
d i f f e r s .  The LM i s  t a r g e t e d  t o  l and  i n  areas which are r e l a t i v e l y  
f l a t  and have f-w,  i f  any, o b s t r u c t i o n s .  Thus t h e  LM should be 
v i s i b l e  a t  l eas t  w i t h i n  a 1 km r a d i u s  c i rc le  about  t h e  l and ing  
p o i n t  o r  would be hidden by one of  t h e  few major o b s t a c l e s  which 
would, i n  i t s e l f ,  c o n s t i t u t e  a landmark t o  a i d  i n  l o c a t i n g  t h e  LM. 
To m e e t  t h e  f i r s t  o b j e c t i v e ,  then ,  i t  i s  necessary  a t  a ninimum 
t o  locate s u c c e s s f u l l y  a 1 km r a d i u s  c i rc le  about  t h e  LM. From a 
r a d i u s  of 5 km, g e n e r a l l y  t h e  maximum f o r  J miss ion  t r a v e r s e s ,  
t h i s  r e q u i r e s  a n a v i g a t i o n  accuracy of +20% - i n  d i s t a n c e  and +1l0 - 
i n  heading.  

To o b t a i n  d a t a  on l u n a r  morphology, r e g i o n a l  mater ia l  o r  m a t e r i a l  
on t h e  c o n t a c t s  between s t r a t i g r a p h i c  u n i t s  i s  d e s i r e d .  These 
samples are ob ta ined  i n  a gene ra l i zed -a rea  r a t h e r  than  a t  a spe- 
c i f i c  p o i n t .  Because of t h e  expanse a v a i l a b l e  f o r  r e g i o n a l  samples i 

l o w .  
D a t a  on s p e c i f i c  u n i t s ,  such as t h e  peaks a t  Copernicus or puncture  
cones a t  Marius Hills, r e q u i r e s  going t o  s p e c i f i c  poi_rlts. But 
t h e s e  s p e c i f i c  p c i n t s  a r e  s i g n i f i c a n t  landmarks e a s i l y  i d e n t i f i e d  
i n  O r b i t e r  photos ,  and t h u s  probably e a s i l y  r ecogn izab le  OR t h e  
ground. The accuracy requi red  f o r  nav iga t ion  t o  such s i t e s  prob- 
a b l y  i s  of t h e  s a m e  o r d e r  as t h a t  r e q u i r e d  f o r  r e t u r n  t o  t h e  LM. 

unknown a t  t h i s  t i m e .  I t  does appear  t h a t  t hey  may impose an a f t e r  
t h e  f a c t  t r a c k i n g  requirement  r a t h e r  than  a r ea l  t i m e  n a v i g a t i o n  
requi rement .  The f u n c t i o n s  might be performed, a s  r e c e n t l y  sug- 
g e s t e d , *  by l e a v i n g  l a r g e  markers a t  t h e  o r i g i n  of samples o r  photos  
and photographing t h e  e n t i r e  l and ing  s i t e  l a t e r  from t h e  CSM. A 
great  d e a l  of p o s i t i o n  informat ion  can a l so  be deduced from panorama 
photos  taken a t  t h e  sampling s i t e .  Thus t h e  primary n a v i g a t i o n a l  
requi rements  appear  t o  be o p e r a t i o n a l  ra ther  than  documentary. 

I 

I 

, 
I 

Sampling s i t e s  may be cons idered  as t w o  s e p a r a t e  types .  

t h e  n a v i g a t i o n  accuracy requirement t o  reach t h e s e  s i tes  i s  i 
k 

The accuracy r equ i r ed  t o  meet.the l a s t  t w o  o b j e c t i v e s  i s  

TERRAIN 

Landing s i tes  tend  t o  f a l l  i n t o  t w o  g e n e r a l  c a t e g o r i e s .  
On t h e  ear l ie r  miss ions ,  l andings  are scheduled t o  be on l a r g e ,  

*D. M. Dnty, "LEP P o s t  Traverse Locat ion of S c i e n t i f i c  S i tes  
Using CSM Photography#' '  Bellcomm Memorandum f o r  F i l e  B 6 9  0 7 0 4 7 ,  
J u l y  1 4 ,  1 9 6 9 .  
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smooth and r e l a t i v e l y  f e a t u r e l e s s  areas w i t h  r e l a t i v e l y  b l and ,  
amorphous t e r r a i n .  The geology i s  homogeneous, and consequent ly  
samples chosen n e a r  t h e  LM a r e  as r e p r e s e n t a t i v e  as t h o s e  chosen 
a t  a d i s t a n c e .  Although t h e  bland t e r r a i n  could e a s i l y  l e a d  t o  
confus ion  i f  t h e  EVC were s i g n i f i c a n t l y  d i s t a n t  from t h e  LM, 
t h e r e  i s  no requirement  f o r  long t r a v e r e s e s  o u t  of s i g h t  of t h e  
LM, and t h u s  no nav iga t ion  requirement .  

I n c r e a s i n g  confidence i n  l and ing  c a p a b i l i t y  should  per -  
m i t  J miss ions  t o  land  i n  more rugged t e r r a i n  wi th  a r e l a t i v e l y  
s m a l l ,  smooth a r e a  as t h e  landing  t a r g e t .  The wider  range  of  
g e o l o g i c a l  format ions  as evidenced by prominent f e a t u r e s  r e q u i r e s  
more e x t e n s i v e  t r a v e r s e s ,  o f t e n  o u t  of s i g h t  o f  t h e  LM. Sampling 
w i t h i n  s p e c i f i e d  a r e a s  i s  a l s o  r e q u i r e d ,  and r e s u l t s  i n  n a v i g a t i o n  
requirements  as desc r ibed  above. These s t r i k i n g  f e a t u r e s  do, how- 
e v e r ,  p rovide  e a s i l y  recognizable  landmarks (desc r ibed  i n  Appendix 
A) which can be u t i l i z e d  a s  nav iga t ion  a ids .  Siiice t h e  sun i s  
always t o  t h e  eas t  and shadows are s h a r p  and w e l d  d e f i n e d  and p o i n t  
w e s t ,  i t  may prove r e l a t i v e l y  easy  t o  n a v i g a t e  i n  t h e s e  s i tes  t o  
t h e  l e v e l  of accuracy d iscussed  us ing  only t h e  informat ion  a t  hand, 
and, perhaps,  an odometer. 

The s i m p l e s t  nav iga t ion  system would r e l y  p r i ina r i ly  upon 
t h e  use of landmarks and shadows as a i d s ,  r e q u i r i n g  only  an odometer. 
I f  r e q u i r e d ,  t h e  nav iga t ion  accuracy can be i n c r e a s e d  a s l i g h t  
amount by fo rma l i z ing  t h e  use  of shadows with a sun d i a l .  Both of 
t h e  above methods r e q u i r e  c a l c u l a t i o n  by t h e  EVC (probably menta l )  
t o  relate heading and p o s i t i o n  in fo rma t ion .  

An automatic  record ing  and i n t e g r a t i n g  sun senso r  u s i n g  
an odometer i n p u t  can i n c r e a s e  t h e  r e l i a b i l i t y  and accuracy of 
range sand heading informat ion  wh i l e  r e l i e v i n g  t h e  EVC of much of  
t h e  nav iga t ion  load .  This system does n o t ,  of cour se ,  work  i n  
shadows, and i s  t h u s  fo rced  t o  average d i r e c t i o n a l  d a t a  across dark  
r e g i o n s .  I t  a l s o  i n c u r s  a weight and power pena l ty .  A gyro navi-  
g a t i o n  system i s  independent  of t h e  sun and provides  even g r e a t e r  
accuracy ,  b u t  a t  a g r e a t e r  c o s t  i n  weight  and power. The h e a v i e r  
t h e  gyro  system t h e  less it d r i f t s  and t h e  less it is  a f f e c t e d  by 
v i b r a t i o n  and j o s t l i n g .  

Thus hardware may be developed a t  t h e  c o s t  of weight ,  
power, and d o l l a r s  t o  i n c r e a s e  n a v i g a t i o n  accuracy and dec rease  
EVC work load .  Whether t h i s  accuracy i c  r e q u i r e d  and whether 
t h e  c o s t s  i n c u r r e d  are commensurate w i t h  t h e  work load  dec rease  
is open t o  ques t ion .  
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SUMMARY 

There appears  t o  be,  a t  p - e s e n t ,  no requi rement  f o r  
rea l  t i m e  nav iga t ion  f o r  documentary purposes ,  and t h e  opera-  
t i o n a l  n a v i g a t i c n  requirement  does n o t  appear  t o  n e c e s s i t a t e  
h igh  accuracy.  Whereas t h e  f e a t u r e l e s s  t e r r a i n  of  t h e  ea r l i e r  
l and ings  could  t end  t o  confuse t h e  EVC i f  he w e r e  r e l a t i v e l y  
f a r  from v i s u a l  c o n t a c t  wi th  t h e  LM, no requirement  f o r  ex ten-  
s ive  t r a v e r s e s  e x i s t s .  I n  t h e  la ter  l and ings  longe r  t r a v e r s e s  
are r e q u i r e d  t o  reach  prominent f e a t u r e s ,  b u t  t h e s e  f e a t u r e s  
themselves provide  landmarks f o r  nav iga t ion  purposes .  The use 
of shadows f o r  compass headings p rov ides  a d d i t i o n a l  a id .  

There i s ,  t h e r e f o r e ,  some doubt t h a t  any requirement  
e x i s t s  which would n e c e s s i t a t e  t h e  development of n a v i g a t i o n  
hardware. It would s e e m  t h a t  a d d i t i o n a l  d a t a  on t h e  c a p a b i l i t y  
of man t o  perform t h i s  nav iga t ion  f u n c t i o n  wi th  idn ima l  mechan- 
i c a l  a i d s  would prove u s e f u l  i n  making hardware procurement 
d e c i s i o n s ,  a t  l e a s t  t o  t h e  l e v e l  of de te rmining  t h e  s o p h i s t i -  
c a t i o n  r e q u i r e d .  It i s ,  however, p o t e n t i a l l y  dangerous t o  pro- 
ceed on t h e  assumption t h a t  no n a v i g a t i o n  a i d s  are needed and 
t o  d i s c o v e r  i n  t h e  midcile of a mission t h a t  "seat of t h e  p a n t s "  
nav iga t ion  i s  inadequate .  

2032-PB-tla 

A t t ach .  



APPENDIX A: XAVIGATION A N D  LANDLURKS AT T H m E  J MISSION SITES --~----- 

MARIUS HILLS 

The c u r r e n t l y  p r o j e c t e d  l a n d h g  p o i n t  i s  i n  a v a l l e y  
between f o u r  h i l l s  which form a rough squa re ,  w i th  t h e  v a l l e y  
ex tending  t o  t h e  f o u r  p o i n t s  of t h e  compass. Except f o r  loca l  
o b s t r u c t i o n s  t h e  LM should g e n e r a l l y  be v i s i b l e  from t h e  c l o s e  
s i d e  of t h e s e  h i l l s ,  and t h e  l o c a t i o n  of t h e  v a l l e y  e a s i l y  d i s -  
t i n g u i s h e d  a t  a l l  t i m e s .  
l and ing  s i te  should provide  a good r e f e r e n c e  f o r  r e t u r n  t o  t h e  
LM . 

A d i s t i n c t  puncture  cone nea r  t h e  

HADLEY-APENNIFE 

Both t h e  Apennine f r o n t  and t h e  s inuous  r i l l e  ex tend  
n o r t h e a s t  from t h e  p r o j e c t e d  landing  p o i n t ,  bounding a p l a t e a u .  
The sha l low depres s ion  provid ing  e n t r y  t o  t h e  r i l l e  i s  marked 
by a c r a t e r ,  and a l and ing  i n  t h i s  a r e a  would a l low easy  loca-  
t i o n  of t h e  LM. C e r t a i n l y  nav iga t ion  w i t h i n  t h e  r i l l e  or  nea r  
t h e  f r o n t  should n o t  p r e s e n t  major problems. 

COPSRXICUS PZAKS 

The c e n t r a l  peaks and t h e  c r a t e r  w a l l  are very  w e l l  
The c l o s e r  t h e  LM lands t o  t h e  peaks t h e  more e a s i l y  de f ined .  

it can be l o c a t e d ,  and t h e  s h o r t e r  t h e  t r a v e r s e s  need t o  be.  
Navigat ing t o  t h e  sampling p o i n t s  a t  t h e  peaks should  p r e s e n t  
no problem, and r e t u r n  t o  t h e  LM would be complicated only  i f  
i n t e r v e n i n g  t e r r a i n  b locks  t h e  LM from view u n t i l  t h e  EVC i s  
very  close t o  it. 

' 
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